A systematic review was conducted using Samueli Institute's Rapid Evidence Assessment of the Literature (REAL © ) process to determine the evidence base for melatonin as an agent to optimize sleep or improve sleep quality, and generalize the results to a military, civilian, or other healthy, active, adult population. Multiple databases were searched yielding 35 randomized controlled trials (RCTs) meeting the review's inclusion criteria, which were assessed for methodological quality as well as for melatonin effectiveness. The majority of included studies were high quality (83.0%). Overall, according to Grading Recommendations, Assessment Development and Evaluation (GRADE) methodology, weak recommendations were made for preventing phase shifts from jet lag, for improving insomnia in both healthy volunteers and individuals with a history of insomnia, and for initiating sleep and/or improving sleep efficacy. Based on the literature to date, no recommendations for use in shift workers or to improve hormonal phase shift changes in healthy people can be made at this time. Larger and longer-duration RCTs utilizing well characterized products are needed to warrant melatonin recommendations in young, healthy adults.
Introduction
Sleep quality is a problem in the civilian population, where 17.4% of respondents to the 2002 Alternative Health/ Complementary and Alternative Medicine supplement to the National Health Interview Survey (NHIS) reported insomnia or trouble sleeping in the past 12 months [1] . Likewise, sleep quality is a concern within the military. Data are just beginning to be published regarding sleep habits and behaviors in the military. A cross-sectional study of 156 deployed US Air Force Airmen found that 40.0% of respondents suffered from at least one sleep disturbance and 75.0% reported diminished sleep quality while deployed, as compared to sleep quality at home [2] . A 2010 paper on the Millennium Cohort -41,225 active duty and retired Service Members -demonstrated that deployment significantly compromised sleep quality and quantity [3] . Finally, in 2013, Lentino et al. [4] noted that over 25% of 14,148 Army Active, Reserve, and National Guard members reported to be "poor" sleepers, with only 32.9% self-reporting as "good" sleepers. Clearly, obtaining adequate and good quality sleep are continual challenges for active duty Service Members during training and during periods of deployment. Although sleep promoting medications, such as zolpidem, are available and widely used by military personnel for both sleep problems and fatigue management [5] , they have been associated with various adverse effects, including cognitive impairments [6, 7] and in some cases "somnambulism-like state with sleep-related complex behavior." Thus, more natural solutions to the military "sleep problem" must be sought. The dietary supplement, melatonin, may be one natural solution.
Exogenous melatonin, as both prescription and over the counter pills/tablets, has become one of the most frequently requested non-prescription sleep aids due to its regulator role in the internal timing of biological rhythms, including promotion/regulation of sleep [8] . Melatonin is marketed to help promote total sleep time, aid with fatigue from jet lag, or balance circadian rhythms from jet lag and rotating shift work. Evidence suggests melatonin may reduce the time it takes for people with delayed sleep phase syndrome (i.e., sleep is delayed by two or more hours beyond the conventional bedtime, causing difficulty in waking at a desired time) to fall asleep [9] ; melatonin may also help re-set the body's sleep-wake cycle [10] . Importantly, melatonin has been shown to serve as a mediator between the thermoregulatory and arousal system in humans, such that exogenous administration of melatonin during the day can result in sleepiness in association with reduced core temperature [11, 12] .
Of interest, approximately 5.2% of the NHIS survey respondents reported using melatonin and 27.5% of those users reported insomnia as a reason for taking the supplement [1] . Some studies have shown that supplemental melatonin can increase sleep propensity, although it may not be as effective as prescription sleep medications [13] . If melatonin were found to be effective for promoting healthy sleep, it could be a useful and suitable sleep aid for military as well as other populations, where sleep problems are a serious concern.
Although a small number of systematic reviews have investigated melatonin's effects on specific clinical conditions, to date no systematic reviews have explored melatonin across all aspects of sleep behavior in an otherwise healthy population. Thus, the purpose of this systematic review was to: 1) determine the evidence base for melatonin to optimize sleep (e.g., improve sleep quality, duration, ability to fall asleep); 2) evaluate the safety of melatonin use; 3) assess outcomes and dosing structure most applicable for this research; and 4) generalize results to those (e.g., at risk military populations) who suffer from issues related to sleep disturbances and sleep hygiene [14] [15] [16] [17] [18] [19] [20] [21] . This review also discusses strengths, weaknesses, and gaps emerging from the review, as well as recommendations for moving this research field forward, in particular with regard to the usefulness of melatonin for military populations in need of sleep regulation as well as other populations with similar sleep issues.
Methods
A systematic review was conducted using the Rapid Evidence Assessment of the Literature (REAL©) process, a methodology developed by Samueli Institute to provide a "snapshot" of the peer-reviewed literature in a streamlined and efficient fashion. The REAL process differs from traditional systematic reviews in that it does not "exhaustively" search the literature by including grey and non-English language literature, but instead includes only randomized controlled trial (RCT) and systematic review study designs accessible in current English electronic databases. Following REAL methodology, a research question was developed with subject matter experts (SMEs) by using the evidencebased Population, Intervention, Comparison, Outcome (PICO) framework [22] to assess the effectiveness of melatonin on mitigating poor sleep and/or promoting healthy sleep as published and reported in RCTs.
Data sources and search strategy
PubMed/MEDLINE, CINAHL, Embase, PsycInfo, and Agricola databases were searched from database inception until October 2012 for RCTs investigating the relationship between melatonin and healthy sleep behaviors. Authors explored MeSH terminology within MEDLINE and consulted with three subject matter experts (PAD, CVL, RBC) to not only strategize the most powerful search, but to also ensure the correct key terms were being targeted for the research question proposed. The following search strategy was conducted in PubMed, and MeSH was applied where applicable: "(melatonin) and (sleep or fatigue or sleep disorders, circadian rhythm or insomnia)." Following traditional REAL methodology, which includes the assessment of RCTs involving humans and published in the English language, all searches were conducted using these parameters. Where this was not a limit option in certain databases, citations were screened for these criteria.
Study selection
Articles were included if they met the following criteria: 1) RCT presented in the English language and involving adult human subjects; 2) healthy non-military or military populations, or populations diagnosed with insomnia, as reported by the study's authors; 3) use of melatonin as the sole intervention; and 4) at least one sleep outcome of interest (e.g., sleep quality, sleep latency, sleep duration).
Articles were excluded if they met at least one of the following criteria: 1) any study design other than a RCT; 2) population with pre-existing conditions or diseases other than insomnia; 3) focus of article was on an intervention other than melatonin; 4) intervention was a combination of melatonin and other supplements or drugs; or 5) article did not have at least one sleep outcome of interest.
Data extraction
In order to streamline the systematic review process in a secure manner and ensure reliability and consistency across reviewer ratings, the authors conducted the review within the web-based systematic review management program Mobius Analytics SRS (Copyright 2003 (Copyright -2009 Mobius Analytics Inc, Ottawa, Ontario). This program reduces errors and post-review data collation, and increases reviewer efficiency by automating article progression and management.
Articles meeting the inclusion criteria were assessed for methodological quality using the Scottish Intercollegiate Guidelines Network (SIGN 50) checklist, a reliable and valid assessment tool widely used in the literature [23] (Table 1) . Three trained reviewers (MLO, MLS, CCB) reviewed articles in pairs until a sufficient kappa (>90%) was achieved, at which point they independently reviewed the remaining articles. All work was cross-checked by the review manager (CCC), and disagreements were resolved either through discussion and consensus, or by one of the SMEs.
The following descriptive data were extracted for each of the included studies: population description, sample size, melatonin and control interventions and dosages, all sleep related outcomes and statistics, funding source, author's main conclusions and whether power calculations, adverse events, and cost analyses were reported. Additional study design elements deemed important for quality control of dietary supplement studies were also extracted from each study, including characterization of the intervention product, baseline exposure or background diet (e.g. use of dietary supplements) of the study participants, and whether or not dietary intake was controlled during the study. Additionally, data regarding melatonin supplement formulation and whether or not it was analyzed for purity and absorption after ingestion were gathered.
Data synthesis and analysis
Once the quality assessment of individual RCT study reports was completed, the SMEs performed a quality assessment of the overall literature pool for each identified population by using a modification of the Grading of Recommendation Assessment, Development and Evaluation (GRADE) [24] , an internationally accepted approach to grading the quality of evidence and strength of recommendations across studies. SMEs were trained in this methodology and utilized a grading rulebook developed, tested and agreed upon by the entire team. SMEs examined the outcomes of the individual RCTs for each category of intended use (i.e., shift workers, jet lag, insomnia, healthy volunteers) in order to: 1) examine the confidence in the estimate of the effect; 2) determine the magnitude of the effect size overall; 3) assign a safety grade to the literature; and 4) develop recommendations for the melatonin literature based on the REAL results for the overall literature pool of studies for each category. SMEs performed the GRADE analysis independently before discussing their answers together and coming to consensus with the full team. Due to the heterogeneity of included individual studies, outcome data were not pooled for statistical analysis.
Results
The results of the initial database search yielded 557 references, 39 of which met the inclusion criteria and were subsequently included in the review. Articles were excluded mostly because the intervention was not melatonin or because they did not report on sleep related outcomes. Of these 39 included articles, four [25] [26] [27] [28] reported on different outcomes of the same study and were, therefore, combined with their appropriate counterpart. Ultimately, 35 RCTs, with a total of 2,356 subjects, were included in this review (see Figure 1 for the flow chart of included studies). Table 2 describes the characteristics of the individual studies (grouped by shift workers, jet lag, insomnia, and healthy volunteers) and overall SIGN 50 score. Table 3 describes the GRADE analysis results of the overall literature Table 1 Sign 50 checklist for RCT study design [23] Section 1: Internal validity 1 Item Criteria
1.1
The study addresses an appropriate and clearly focused question.
1.2
The assignment of subjects to treatment groups is randomized.
1.3
An adequate concealment method is used.
1.4
Subjects and investigators are kept blind about treatment allocation.
1.5
The treatment and control groups are similar at the start of the trial.
1.6
The only difference between groups is the treatment under investigation.
1.7
All relevant outcomes are measured in a standard, valid and reliable way.
1.8
What percentage of subjects in each treatment arm dropped out before the study was completed?
1.9 All subjects are analyzed in the groups to which they were randomly allocated (intention-treat analysis).
1.10
Where the study is carried out at more than one site, results are comparable for all sites. pool, and Table 4 illustrates the key design issues considered important for dietary interventional studies. Table 5 presents the number and types of subjective and/or objective assessment tools utilized in this review.
Overall quality assessment of individual included studies
The overall methodological quality of the RCTs was evaluated as being of the highest (++) quality, high (+) quality or poor (−) quality, according to the SIGN 50 criteria indicated in Table 1 (see Table 2 for quality scores). The majority (80%) of the 35 included RCTs were high (+) quality, with one study (3%) being of the highest (++) quality [34] . Conversely, 17.0% of studies were scored as poor quality. An appropriate and clearly focused research question was adequately addressed in 80.0% of the trials; the remaining (20.0%) addressed this area well. Over half (51.0%) of the studies had dropout rates less than 10.0% and were, therefore, considered well-covered for this criterion, whereas 31.0% of studies either did not mention dropout rates or reported rates greater than 20.0%. Regarding intention-totreat analysis, 54.0% of the included studies were classified as poorly addressed because such analyses were not mentioned or described; 3.0% of the studies adequately addressed intention-to-treat analysis; and 43.0% addressed it well. Although the majority (86.0%) of studies poorly described their methods of allocation concealment, all (100%) studies adequately addressed blinding methods regarding treatment allocation. Methods of randomization were described poorly by 48.0% of the studies; 46.0% adequately described this process and only 6.0% did it well. Nearly all (97.0%) and the majority (55.0%) of the trials adequately addressed differences between treatment groups and baseline similarities, respectively. Results indicated that 51.0% of articles adequately covered outcome validity and reliability, whereas 37.0% covered this criterion well. Three studies [28, 29, 62] were multi-site, and one [28] poorly addressed the comparability of results among sites; the remaining two were well covered [29] or adequately addressed [62] in this area.
Adverse events
Of the total 35 studies included in our analysis, 15 [29, 30, 33, 34, 36, 38, 39, [41] [42] [43] [44] [45] [46] [47] 52] included information on adverse events. No serious adverse events were reported. One [36] study reported that adverse events occurred, but did not describe them, and two [34, 45] reported no adverse events occurred at all. The most common adverse events were headache [29, 33, 44, 46, 47] and somnolence [33, 41, 44, 48] . Palpitations [42, 43] and abdominal pain [33, 43] were each reported in two studies. The remaining adverse events were reported infrequently, and each occurred in only one of the multiple studies: nasopharyngitis [46] , arthralgia [46] , tachycardia [39] , dizziness [33] , nausea [33] , vomiting [33] , Figure 1 Flow chart of included studies. Table 1 : Quality refers to the overall SIGN 50 score, categorized as ++ (well covered; where criteria has not be filled, conclusions of the study are thought very unlikely to alter); + (adequately addressed; criteria that have not been adequately described are thought unlikely to alter conclusions) or -(poorly addressed; conclusions of study are thought likely or very likely to alter). Note. Four [25] [26] [27] [28] RCTs reported on different outcomes of the same study and were therefore combined; the most recent study was cited in the paper.
nightmares [33] , difficulty swallowing and breathing [38] , hypnotic activity [39] , heavy head [39] , heartburn [43] , flatulence [43] , swelling of arms/legs [43] , sweating/hot flash [43] , exanthema [43] , sleeping difficulties [44] , depression [44] , problems with the rectal probe [52] , and sleep walking [42] .
Effectiveness of melatonin for promoting healthy sleep outcomes
Included studies were categorized according to the intended use of melatonin in 1) shift workers and individuals with jet lag to rebalance the sleep-wake cycle; 2) persons with insomnia to promote sleep; and 3) in healthy volunteers to improve outcomes of sleep efficacy, somnolence, and/or hormonal phase shift changes (see Table 2 for full description of included studies and Table 3 for GRADE Analysis).
Shift workers
Eight [29] [30] [31] [32] [33] [34] [35] [36] RCTs with 300 total participants assessed the efficacy of melatonin for promoting sleep in shift workers. The majority of studies were of either high (+) [29, 30, 33, 35, 36] [or highest (++) quality [34] , with two [31, 32] poor (−) quality RCTs suffering from inadequate reporting of dropout rates, concealment methods, and baseline differences between groups. Results indicated that both of the poor quality studies favored melatonin [31, 32] however, all of the high and highest quality studies were inconclusive [29, 30, [33] [34] [35] [36] in that they favored neither melatonin nor the control. Based on the five [29, 30, 33, 34, 36] studies that reported adverse events, melatonin appears to be relatively safe, with frequent but not serious adverse events and interactions. Despite its apparent safety, and the general high quality of this literature pool, sample sizes were generally small, and results inconclusive, with no magnitude of an estimate of effect size reported. Consequently, the SMEs were not able to give any recommendation for the use of melatonin in shift workers at this time.
Jet Lag
Eight [37] [38] [39] [40] [41] [42] [43] [44] RCTs with 972 total participants characterized melatonin use for counteracting jet lag. Almost all of the studies were of high (+) quality [37, [39] [40] [41] [42] [43] [44] , with the exception of one poor (−) quality study [38] , which favored neither melatonin nor control, despite a large sample size (n = 339). Of the seven high (+) quality studies, one [40] favored neither melatonin nor control. The remaining six [37, 39, [41] [42] [43] [44] RCTs favored melatonin, including two [42, 43] large studies (n = 320 [44] and n = 160 [41] ) and one [39] which noted a limitation that melatonin increased tiredness the next morning. Melatonin appears to be relatively safe based on the six [38, 39, [41] [42] [43] [44] studies that reported adverse events, citing occasional, but not serious adverse events and interactions. Based on the high quality and favorable results reported, the SMEs concluded that in a jet lagged population, further research may have an impact on the confidence in the estimate of the effect, and as such, provide a weak recommendation Categorized as none (<0.2), small (0.2 -0.5), moderate (0.5 -0.8), large (>0.8) or not described (ND; authors did not describe or report effect size for this review's outcomes of interest due to the lack of author reporting). 3 Dependent on the frequency and severity of adverse events and interactions; as +2 (appears safe with infrequent adverse events and interactions); +1 (appears relatively safe but with frequent but not serious adverse events and interactions); 0 (safety not well understood or conflicting); −1 (appears to have safety concerns that include infrequent but serious adverse events and/or interactions) or; −2 (has serious safety concerns that include frequent and serious adverse events and/or interactions). 4 Strength of the recommendation can be determined using the following categories and criteria: Strong recommendation in favor of or against (very certain that benefits do, or do not, outweigh risks and burdens); No recommendation (no recommendations can be made) or; Weak recommendation in favor of or against (benefits and risks and burdens are finely balanced, or appreciable uncertainty exists about the magnitude of benefits and risks).
in favor of melatonin use for rebalancing the sleep-wake cycle in people with jet lag.
Insomnia
Four studies of high (+) quality [45] [46] [47] [48] with 845 total participants assessed the efficacy of melatonin in promoting better sleep in persons with insomnia. Two [45, 48] of these studies favored neither melatonin nor control, while the remaining two [46, 47] including one large study (n = 791) [46] favored melatonin, Similar to the results in jet lag studies, limitations in sample size compromised the power to produce an effect in populations with insomnia. Despite the trend in small sample sizes and lack of effect size reporting, all four studies were high quality, showing positive effects and infrequent, non-serious adverse events; as a result, the SMEs give a weak recommendation in favor of melatonin when used to promote sleep in persons with insomnia, with the understanding that the introduction of more large, high quality studies may have an important impact on this recommendation, and potentially change the confidence in the estimate of the effect size.
Healthy volunteers
Fifteen [28, [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] 63] RCTs with a total of 223 participants described melatonin use for promoting sleep in healthy volunteers. Of the 15 total studies, 12 [49] [50] [51] [52] [53] [55] [56] [57] [58] [59] 62, 63] were high (+) quality and the remaining three [54, 60, 61] were poor (−) quality. Two [54, 61] of the poor quality studies favored melatonin, whereas the third [60] favored neither melatonin nor control. Of the high quality studies, eight [49, [51] [52] [53] [56] [57] [58] 62] indicated favorable results for melatonin, although six [51] [52] [53] 57, 58, 62] had small sample sizes (n = 6 to 23; total subjects for six studies = 71). The remaining four [50, 55, 59, 63] high quality studies showed no beneficial effects for either melatonin or control groups.
Healthy volunteers were furthered subdivided into three groups based on the sleep outcome under evaluation: initiation of sleep/sleep efficacy [36, [49] [50] [51] [53] [54] [55] , occurrence of daytime sleepiness/somnolence [50, 51, [56] [57] [58] , and induction of phase shift/hormone changes [59] [60] [61] [62] [63] . Two studies [50, 51] included both initiation of sleep/sleep efficacy and occurrence of daytime sleepiness/somnolence outcomes, and were consequently included in both categories. Results for each group are described below.
Initiation of sleep/sleep efficacy
All except one [54] of the seven studies investigating the effect of melatonin on initiation of sleep or sleep efficacy were scored high quality, and five [49, [51] [52] [53] [54] of them showed results in favor of melatonin. Because only one [52] study in this group reported on adverse events, citing a problem with the rectal probe, safety is not well understood. Similarly, effect sizes were not reported. Despite the lack of safety and effect size reporting and small sample sizes, however, most of the studies were high quality, reporting favorable results for melatonin use. Subsequently, the SMEs provide a weak recommendation in favor of melatonin use in a healthy population for promoting sleep.
Daytime sleepiness/somnolence
All five studies investigating daytime sleepiness or somnolence were high quality, and four [51, [56] [57] [58] of the five small studies favored melatonin over the control. The one study not favoring melatonin [50] was poorly powered, with a sample size of (n = 10 subjects). Because no information was reported on the frequency or severity of adverse events in any of these studies, safety is not well understood. Although this group of studies suffered from small sample sizes, methodological quality was high. As a result, the SMEs provided a weak recommendation in favor of melatonin use to improve daytime sleepiness in healthy people.
Phase shift/hormone changes
The five studies investigating the effects of a nighttime dose of melatonin on phase shift/ hormone changes in healthy populations were more physiologically-based with primary outcomes being a change in the biomarkers being studied, and had severe limitations in study quality compared to the other two groups. Two [60, 61] of the five studies were low quality due to methodological flaws in reporting of randomization, concealment, and dropout rates. The remaining three [59, 62, 63] studies were high quality; however, the sample sizes for all five studies were fairly low. Because neither adverse events nor effect sizes were reported in any of the studies, this information remains unknown. Given this lack of information, the SMEs could not provide any recommendation for the use of melatonin to improve hormonal phase shift changes in healthy people.
Additional dietary supplement design elements
The authors looked at additional design elements thought to be important for understanding the specific effects related to dietary supplements (Table 4) . None of the studies in shift workers or jet lagged populations reported information on baseline diet exposures, but two [46, 47] studies on insomnia and two [52, 62] in healthy populations reported this information. Four [38] [39] [40] 43] jet lag studies controlled for background diets during the study, compared to nine [49, 51, 53, [57] [58] [59] [61] [62] [63] studies in healthy volunteers, none in insomnia, and three [29, 33, 35] studies in shift workers. Several studies reported that they did not control for background diets: one jet lag [42] ; one insomnia [46] ; one shift worker [34] , and two [52, 55] healthy volunteer studies; the remaining did not report on this information. In four [29, 40, 53, 57] studies, subjects abstained from caffeine and three [43, 58, 62] studies allowed, but limited caffeine use. Formulation of the melatonin for the intervention was described in 57% of the papers, including five [29, 30, 33, 34, 36] shift worker, one [40] jet lag, three [45] [46] [47] insomnia, and 11 [49, 50, 52, 53, [55] [56] [57] 59, 60, 62, 63] healthy volunteer studies. Melatonin supplement purity was analyzed in one [33] shift worker, two [38, 40] jet lag, no insomnia, and three [50, 53, 60] healthy volunteer studies. Finally, analysis of proper absorption of melatonin was conducted in one [35] shift worker, one [37] jet lag, two [45, 46] insomnia, and nine [45, 49, 52, 53, 55, [58] [59] [60] 63] healthy volunteer studies.
Outcome measures
A total of 31 unique assessment tools, including 19 subjective and 12 objective measures, were utilized to measure sleep outcomes (see Table 5 ). Although three of the 12 objective measures were of great interest, they were not relevant outcomes of interest in this reviewmelatonin measurements in saliva, blood, and urine. Thirteen studies [32, 35, 36, 40, 42, 45, 48, 49, 53, 54, 58, 59, 62] used a combination of both subjective and objective assessment tools to evaluate outcomes and 85.0% of these studies received high quality scores. Twenty studies [29] [30] [31] 33, 34, [37] [38] [39] 41, 42, 44, 46, 47, [50] [51] [52] [55] [56] [57] 61] , 80% of which included high quality scores, used only subjective assessment tools; four [50, 51, 60, 63] studies, three of which were high quality, used only objective assessment tools.
Dosing as reported in the literature
The amount of melatonin provided, and frequency of administration reported in the included studies varied greatly. Oral preparations were used in amounts ranging from 0.3 to 10.0 mg/day. All except two [53, 61] studies used capsules, with 72% failing to indicate the type of capsule (e.g. hard or soft) used. Two [33, 43] studies utilized fast-release preparations in amounts ranging from 3.0 to 5.0 mg. Six [35, 45, 46, 49, 62, 63] studies utilized a sustained-release formulation in amounts ranging from 0.3 to 6.0 mg, and one [53] study utilized a patch preparation providing 2.1 mg. Only one [61] study utilized a drink preparation, where 2 mg of melatonin was provided in 100 ml of 1% ethanol in water.
Discussion
Previous research suggests that supplementation with melatonin may help increase total sleep time in individuals suffering from sleep restriction or altered sleep schedules; relieve daytime fatigue associated with jet lag; reset the body's sleep-wake cycle; and reduce the time it takes to fall asleep in people with delayed sleep phase syndrome [64] . In fact, a number of meta-analyses have been published to evaluate the efficacy and safety of exogenous melatonin for subjects with primary sleep disorders [65, 66] , and include a range of population groups for the outcomes of sleep onset latency, total sleep duration and sleep efficiency [65] and for the prevention and treatment of jet lag [65] . The inclusion and exclusion criteria vary for each of these meta-analyses. In contrast to earlier meta-analyses, the authors of this review investigated the use of melatonin in military and civilian populations across various sleep behaviors, and divided the included literature into four distinct user groups: shift workers, individuals experiencing jet lag, persons suffering from insomnia, and healthy individuals who want to improve their sleep; although the review focused on healthy populations, the authors chose to include insomnia populations as many military personnel who have been deployed may experience some form of insomnia [67] . Unfortunately, only two studies in this review were conducted in military populations: one study evaluated melatonin for jet lag in a US Air Force Reserve Unit [40] and the other assessed melatonin for sleep efficacy in the Canadian military [25] . Importantly, both were of high quality and utilized both subjective and objective measures. The authors encourage more research in this population, but suggest that the way the authors divided the literature into user groups can be useful for making generalizations for the military exposed to disruptions in sleep behavior.
Besides the limited amount of studies available in the literature that were directly on military populations exposed to melatonin and were needed to make generalizations for this specific population, another limitation of this review is that, unlike traditional systematic reviews, the REAL process only includes RCT and systematic review study designs accessible in current English electronic databases. Although the inclusion of only English literature and exclusion of gray literature may be seen as a limitation, research has shown that doing so does not seriously compromise the implications for the majority of interventions and claims [68] [69] [70] [71] ; thus REALs and systematic reviews are usually comparable and result in the same "bottom line" conclusions about the evidence [72] .
Overall, results from this review suggest that melatonin shows promise to prevent phase shifts from jet lag and improve insomnia in otherwise healthy adults, but to a limited extent; the use of melatonin in shift workers is inconclusive. According to the authors' GRADE analysis, no recommendations could be provided in favor of melatonin with regard to promoting beneficial sleep outcomes in shift workers. More high quality studies with large sample sizes and power are needed to increase the confidence in the estimate of the effect. Although no recommendation that melatonin can improve sleep outcomes in shift workers can be made at this time, the use of melatonin in healthy adults shows potential in preventing phase shifts due to jet lag. Due to these limitations and the quality of the literature, our confidence in the estimate of the effect is moderate. A weak recommendation in favor of melatonin for use on sleep outcomes in jet lagged populations is noted.
Although the purpose of the review was to look at healthy adults, the authors also explored whether melatonin could be a viable treatment option for insomnia because the consequences of insomnia are detrimental and associated with other comorbidities. All four insomnia studies showed positive effects, despite small sample sizes; thus a weak recommendation with moderate confidence in favor of melatonin is made for individuals with insomnia for improving sleep outcomes. More studies with high quality, large sample sizes are needed to increase the confidence in the estimate of the effect.
For the studies with exclusively healthy volunteers, a weak recommendation was made in favor of melatonin use for initiating sleep or sleep efficacy, again, despite sample sizes and low power. A weak recommendation with moderate confidence was made in favor of melatonin use in healthy populations for daytime sleepiness or somnolence. In contrast, studies on phase shift/hormone changes in healthy populations were primarily of low quality with small sample sizes. As such, no conclusions can be drawn regarding melatonin's effects on producing phase shifts or hormone changes in healthy populations at this time. Clearly more research will be needed to strengthen this information.
Whereas the majority (83.0%) of the studies included in this review were deemed as relatively good quality and limited to healthy adults, great heterogeneity existed in terms of sample sizes, assessment tools, and administration of melatonin (i.e., dose, frequency, type of preparation, timing). Although most of the assessment tools aligned with good quality studies, their lack of robustness may have been a limiting factor in achieving significant effect sizes for the outcomes. Finally, although the studies were reviewed by specific indications of use (i.e., in shift work, jet lag, insomnia, or healthy volunteers) the residual variability coupled with the above issues may have limited the conclusions that could be drawn. For example, the effects of melatonin may benefit military personnel given their training and deployment requirements, and prove to be a safe intervention to promote sleep -in both warfighters and family members with sleep issues; however, the lack of studies including military populations prevents the authors from making definitive conclusions regarding the usage of melatonin in these populations. A natural sleep aid with limited side effects would be far more advantageous than a prescription sleep drug with clearly described frequent and/or rare, unexpected side effects.
Three physiologic effects: 1) promotion of sleep onset; 2) maintenance of sleep; and 3) phase-shifting of circadia rhythms -an indirect action -and the diurnal rhythm in melatonin itself [70] have been associated with melatonin administration. Melatonin has a distinct daily secretion rhythm that is determined by the sleep-wake and lightdark cycles. Nighttime exposure to bright lights phase shifts the human circadian rhythms (core temperature, cortisol and melatonin) with a maximal effect occurring in early morning when the nadir in the body's core temperature is achieved. Administration of melatonin has an opposite effect in that melatonin can reduce or completely block the phase shift alterations in circadian rhythms induced by bright light. [73] Physiologic administration of melatonin (i.e., 0.1 to 0.3 mg) has been shown to affect both sleep onset and maintenance qualities, whereas larger amounts (i.e., 0.5 mg) affect the phase-shifting actions of melatonin. Very small oral amounts (i.e., 0.3 mg or less) of melatonin can raise daytime plasma melatonin to night-time levels [74] , which is important as acute and transient hypothermia induced by exogenously administered melatonin may be critical in the circadian phase shifting and hypnogenic actions of melatonin. Because the clinical administration of melatonin (i.e., 0.5, 3.0 and 9.0 mg doses in the daytime) has been shown to induce hypothermia in a dose-dependent manner [75] , its use as a potential natural sleep therapy within the military may be limited when personnel are in cold environments, when hypothermia induced by the cold and a state of sleepiness/drowsiness could greatly affect multiple areas of performance.
As noted above, many different melatonin preparations were used throughout the included studies to include fast [33, 42] and long [35, 62] acting formulations, a melatonin patch [53] and a drink intervention [61] . These diverse preparations may have contributed to the effect size of the outcome measures. The pharmacokinetic properties of melatonin preparations can vary depending on the lipid solubility of the accompanying inert ingredients, and affect their bioavailability: 1 to 10 mg can raise plasma melatonin levels 3 to 60 times their normal peaks [74] . Importantly, exogenous melatonin undergoes extensive and rapid first-pass metabolism (approximately 30-60%) in the liver where it is first oxidized to 6-hydroxy melatonin by P450-dependent microsomal oxidases, and then largely converted to a sulfate or glucuronide derivative before being excreted into the urine or feces; about 2-3% is excreted unchanged into the urine or saliva [74] . Melatonin can be absorbed transdermally, but time to peak blood levels is delayed. Concentrations of melatonin vary across the 24-hour period with plasma levels peaking at night (~50-200 pg/ml) or a 10-to 50-fold increase from the daytime levels [76] . However, significant individual differences in peak melatonin levels after a standardized administration have been noted. In the most recent meta-analysis [66] , the meta-regression technique was used to discern that higher melatonin amounts and longer duration trials were related to significantly greater effect sizes on sleep latency and total sleep time in subjects with primary sleep disorders than lower amounts. Urinary metabolites and saliva measures have also been utilized in clinical studies. The wide variety of methods reported in the literature for measuring melatonin in humans has increased the difficulty of comparing results across different studies; guidelines for the measurement and reporting of studies utilizing melatonin preparations have been recommended in order to advance the field [77] .
Although no serious adverse events or health risks from melatonin use were noted in this review, potential detrimental health effects associated with using melatonin should be addressed. In healthy subjects, daytime administration of oral melatonin (0.1 to 1.0 mg) produced significant drowsiness, fatigue, and performance decrements, which appear to peak approximately three to four hours after ingestion [64, 78] .
Melatonin has also been shown to reduce body temperature [10, 64, 79] , which could preclude its use under conditions of cold stress. Also, use of melatonin could result in central nervous system (e.g., somnolence, headaches, increased frequency of seizures, nightmares), cardiovascular (e.g., hypotension or hypertension), gastrointestinal (e.g., diarrhea, abdominal pain), and dermatological effects [78, 79] . If melatonin is used for daytime sleep promotion, unwanted circadian phase shifts could occur; and if used to accelerate circadian phase shifts, potential unwelcome sleep promotion might occur [79] . Use of melatonin to promote daytime sleep may not be appropriate in certain military situations, and benefits and risks of use would need to be evaluated in the context of the mission.
Conclusions
This review was conducted to critically assess the available peer-reviewed literature on the use of melatonin in military service members and in healthy subjects to determine whether melatonin might be useful in military populations. The review was limited by the inclusion of only two, though high quality, studies derived from military populations, which makes generalizations to the military less robust. Additionally, the REAL process only included RCTs published in the English language which may have limited the depth of the review. Although the majority of the studies in this review were relatively high quality and limited to healthy adults, great heterogeneity existed in terms of sample sizes, assessment tools, and the range of melatonin dosages administered.
The use of melatonin by healthy adults shows promise to prevent phase shifts from jet lag and improvements in insomnia, but to a limited extent. For the initiation of sleep and sleep efficacy, the data cannot yet confirm a positive benefit. No recommendation can be proposed for the use of melatonin in shift workers. Melatonin in a wide array of preparations and amounts demonstrates few significant and limiting adverse events. Because melatonin has a very low side effect profile and limited evidence of habituation and tolerance, its use in Service Members could be considered for specific tasks. However, additional randomized controlled trials with larger sample sizes, common assessment tools, and wellcharacterized interventions in physiologic dose ranges in military populations would be needed for confirmation.
